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Ω1f : fluid phase
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図－１ 3 次元球面波 
 























     （上図：風上領域，下図：風下領域） 
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施策の組み合わせでは，都市圏全域で 2035 年に BAU 比 39.4%の削減まで可能であることが示された．
なお，郊外部での削減は，中山間部や中心部に比べ相対的に容易でないことも明らかとなった． 
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平均評価点の変動 平均評価点(整備前) 平均評価点(整備後) 
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図－４ 全国雇用増加率に対するサー ビス業の部門別寄与度 
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Nano-Micro-Macro-Analyses of Transport Phenomena in Kaolinite Clay 
 
CHOI Jung Hae1), ICHIKAWA Yasuaki2) and KAWAMURA Katsuyuki3) 
 
■Summary■ 
Kaolinite is a common clay mineral. It is a nano-material with a platelet crystalline structure of an Si tetrahedral 
layer and an Al octahedral layer. In order to analyze the behavior of kaolinite and water, its microscopic structure 
and material properties must be specified correctly. A Molecular Dynamics (MD) simulation is used for 
determining the microscale properties of hydrated kaolinite, and these properties are introduced into a multiscale 
Homogenization Analysis (HA). We previously developed such an MD/HA technique to investigate seepage, 
diffusion, sorption and consolidation in bentonite clay (cf. Ichikawa, Y. et al. Engineering Geology, 54, 21-31, 
1999). We here apply the method to kaolinite clay, to investigate the permeability, diffusion and related similitude 
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Figure 1: Atomic arrangement of a kaolinite crystal 
External water











































Figure 3: MD model and distributions of 














Ω1f : fluid phase




Figure 4: Multiscale homogenization 
analysis (HA) 
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VOF-DEM-FEM Combined Model of the Reef Breakwater Collapse 
 
MAENO Shiro1), BIERAWSKI G. Lechoslaw2) and MAGDA Waldemar2)  
 
■Summary■ 
A combined model was built of three main modules based on the Volume of Fluid (VOF) method, Discrete 
Element Method (DEM), and Finite Element Method (FEM). It was proposed to utilize this model to simulate the 
deformation of the rubble mound and the sandy bed due to surface wave action.  The model included the full 
interaction between wave motion with free surface and replaceable separate particles of the rubble mound. 
Momentary arrangement of the fluid, particles and resulting permeability was tracked within a domain of time and 
two-dimensional space by maintaining cyclic data transfer between the three method modules. A new technique of 
porosity adjustment was presented. The model results were compared to small-scale laboratory test results. Based 
on the comparison, the VOF-DEM-FEM model appeared to be a promising tool to handle the destruction process 
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(B) Under the wave crest t=10.20 s 
 
Fig. 1  Pressure field at the submerged breakwater 
A combined model was built of three main modules  
 
 




(B) Under the wave crest t=10.20 s 
 
Fig. 2 Velocity field at the submerged breakwater 
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A Simple Bayesian Method to Combine Lithofacies Data with Drawdown 
Measurements When Calibrating a Groundwater Flow Model 
 
Mitsuru Komatsu1), Christophe C. Frippiat2), Toshihiro Sakaki3) and Tissa H. Illangasekare3) 
 
■Summary■ 
In this study, we developed a simple Bayesian method to estimate heterogeneous distributions of soil hydraulic 
conductivity using both lithofacies data and observations associated with flow. 
The method was applied to back-estimate the spatial distribution of hydraulic conductivity of a laboratory-scale 
heterogeneous 3-D synthetic aquifer created in an intermediate scale test tank. The aquifer consisted of five 
lithofacies, corresponding to five test sands, arranged in a random pattern. Different quantities of synthetic 
lithofacies data under the form of fictitious borehole logs was generated from the known distribution of the five 
sands in the synthetic aquifer. Drawdown data were generated in three pumping tests and used to identify five K 
values. The pumping tests were also simulated numerically in order to provide a series of error-free synthetic 
hydraulic data sets. The results generally showed that the use of more lithofacies data in the construction of the 
lithofacies realizations led to an improvement in groundwater flow model prediction accuracy, with a convergence 
of the estimated K field towards the true K distribution.  
 
 
Photo 1 Schematic view of the synthetic aquifer 
configuration and selected properties of the sands. 
Figure 2 Sample results of a posteriori probability distribution of ln 
K values of each lithofacies 
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Resistance of Concrete with Granulated Blast Furnace Slag Sand to Sulfuric Acid 
Attack 
 
AYANO Toshiki1), MATSUNAGA Hisahiro2), FUJII Takashi3) and SAKATA Kenji4) 
 
■Summary■ 
This paper presents that granulated blast furnace slag sand can improve the resistance of concrete to sulfuric 
acid attack. When a part of cement is replaced with ground granulated blast furnace slag, and granulated blast 
furnace slag sand is used for sand, resistance of concrete to sulfuric acid attack can be improved more. Because, a 
coating of gypsum is formed on the mortar or concrete. A coating of gypsum is strong enough to prevent the 










































































Photo 1 Corrosion of cement paste by sulfuric acid attack 
300μm 300μm
50μm
Before After  
Photo 2 Surface of river sand soaked in calcium hydroxide solution
300μm 300μm
50μm
Before After  
Photo 3 Surface of granulated blast furnace slag sand soaked in 












Photo 4 Cross section and surface of concrete with each 
gravel after immersing in sulfuric acid solution 
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Household solid waste generation and characteristic in a Mekong Delta city, 
Vietnam 
 
THANH Nguyen Phuc1), MATSUI Yasuhiro2) and FUJIWARA Takeshi3)  
 
■Summary■ 
This study was undertaken to evaluate the quantity and composition of household solid waste to identify 
opportunities for waste recycling in Can Tho city, the capital city of the Mekong Delta region in southern 
Vietnam. A one-month survey of 100 households was conducted during February–March 2009. Household solid 
waste (HSW) was collected from each household and classified into 10 physical categories and 83 subcategories. 
The average household solid waste generation rate was 283.10 g per capita per day. The compostable and 
recyclable shares respectively accounted for 80% and 11%. The authors also analyzed the relations between some 
socioeconomic factors and household solid waste generation rates by physical categories and subcategories. The 
household solid waste generation rate per capita per day was positively correlated with the population density and 
urbanization level, although it was negatively correlated with the household size. The greenhouse gas baseline 
emission was also calculated as 291.87 g (CO2 eq.) per capita per day from biodegradable components. The 
recycling potential of HSW and the household habits of recyclable waste discharge were also evaluated. More 
than 80% of respondents answered that they kept recyclable materials for sale, excluding glass bottle (62%) and 
plastic packaging and bags (39%). The results and the methodology of this waste composition survey are expected 















Household solid waste, Waste composition analysis, Waste generation rate, Recyclable waste, Correlation analysis
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Table 1 HSW generation rate by physical categories 
Waste generation rate 
Categories      % 
Average         SD 
Plastic 6.37 18.04 11.35
Paper 4.73 13.39 17.18 
Food waste 84.18 238.31 106.78 
Rubber and 0.11 0.31 1.05 
Grass and Wood 1.91 5.40 10.65 
Textile 0.29 0.83 2.40 
Metal 0.76 2.15 2.40 
Glass 1.03 2.92 4.60 
Ceramic 0.10 0.29 1.11 
Miscellaneous 0.52 1.47 11.40 
Total 100 283.10 122.60
Figure 1 Composition distribution of recyclable waste 
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Satellite Observations of Decadal Scale CO2 Fluxes over Black Spruce Forests in 
Alaska Associated with Climate Variability 
 




We improved the satellite-based empirical model (Kitamoto et al., 2007) by adding additional effective 
parameters on vapor pressure deficit (VPD) and photosynthesis, and estimated the CO2 budget within black 
spruce forests in Alaska. In the stand scale validation, our modified model successfully reproduced observed gross 
primary productivity (GPP), ecosystem respiration (RE), and net ecosystem exchange (NEE) by the eddy 
covariance measurement. The 10-day average of model output was highly correlated with observed GPP (r2=0.9), 
RE (r2=0.9), and NEE (r2=0.7). 
We used the modified model to estimate regional GPP, RE, and NEE of black spruce forests over Alaska from 
1982 and 2003 by using normalized difference vegetation index (NDVI) and climate data. Estimated regional 
averages of GPP, RE, and NEE were 2,172, 2,008, and –164 g CO2 m-2 y-1 during the past 22 years. Our model 
analysis showed that GPP was mainly affected by spring air temperature, whereas RE was affected by summer air 
temperature, indicating that the sink strength of the black spruce forests was controlled by the seasonality in air 
temperature between spring and summer. Path analysis enforced the notation that spring warming increased the 
CO2 sink, but summer warming decreased the sink.  
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Fig. 1 Seasonal variations of GPP, RE and NEE of the black 
spruce forest comparing between calculated (open 
circle) and observed (closed circle) at the tower site 
in 2003.  
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Fig 2 Spatial distributions of slope of linear trend of GPP, RE, 
and NEE of the black spruce forests and those of inputs 
of maximum NDVI and GDD.  
■Key word■ 
Alaska, AVHRR, black spruce forests, CO2 fluxes, high latitude warming 
■Affiliation■ 
1) Graduate School of Environmental Science, Okayama University 
2) International Arctic Research Center, University of Alaska, Fairbanks 
3) Associate professor, Dept. of Environmental and Civil Engineering 
4) Professor, Dept. of Environmental and Civil Engineering  
■Printing■ 
Journal of Agricultural Meteorology, 65, Vol. 1, pp.47-60, 2009.3  
Refreeing: Full paper, Language: English
 
